











































































































































































































with the. hydrogeology of Maryland, a mid-level environmental engineer, and a
junior level geologist. It is Dr. Cleaves' opinion that an experienced
geologist knowledgeable in local hydrogeology and geology is necessary for
reasonable and timely application of the DRASTIC methodology.

We made a number of assumptions in assigning wells to zip codes from the
data supplied by the State of Maryland Department of Health and Mental Hygiene
and the counties. 1In some cases, it appeared that the address of a well owner
did not coincide with its actual location. As stated previously, these wells
could have been assigned to incorrect zip codes in these instances despite
significant efforts to assign wells to the correct zip code. The well data
also indicated areas where a low percentage of the population used groundwater
when it was expected that the entire population relied upon private wells. In
these cases, we used public water supply maps and other sources to identify
zip codes where no populations were served by public water, and zip codes in
these areas were changed to indicate 100% private well use.

We obtained locations and population served by public wells from the State
of Maryland Water Resources Administration, Anne Arundel County Department of
Utilities, and the Baltimore County Department of Environmental Protection and
Resource Management. Only municipal wells and those privately owned well
systems supplying the domestic needs of a residential population (such as
trailer parks and small towns) werxe considered. Commercial wells, such as
those serving hotels, schools, or religious, social, or military oxganizations
(except for military housing), were not included in the well use information.

Because of the complexity of the Anne Arundel County municipal water
system, population served by well fields was provided by the Anne Arundel
County Master Water and Sewerage Plan (1984) or estimated from pumpage data.
All population information was for a projected 1985 population, while the
pumpage data were from 1987, Where there was insufficient information
regarding the number of people served by privately owned water systems, the
service populations were estimated from. .pumpage data by assuming domestic use
of 80 gallons/person/day. Appendix B provides the data on both wells and USTs
in both counties.

EPA Region III supplied the UST data which represent the result of the
notification requirement for owners and operators of USTs. These are probably
the most complete and accurate data available on the locations and
characteristics of USTs. Because the survey relied upon submission of the
notification forms by UST owners and operators, some USTs may not have been
considered. The analysis did not consider gasoline USTs located on farms,
which often have their own gasoline storage. The analysis also considered
only gasoline USTs, and did not attempt to quantify impacts associated with
USTs containing other types of chemical products. :
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V. PLANNED AND POTENTIAL USES OF THE UST SCREENING METHODOLOGY

The State and local officials involved in the IEMP thought that it was
important to develop a priority-setting tool to enable them to respond to the
most serious UST leaks first. The tool we developed may be used by state
officials for determining priority areas across the state, and by state,
county, and local officials for targeting inspection and enforcement
activities within their jurisdiction. The approach will allow officials not
ony to practice better UST management, but to also evaluate other potential
sources of groundwater contamination, and to better plan future development.

The State Waste Management Administration, the Baltimore County Department
of Environmental Protection and Resource Management, and the Anne Arundel
County Health Department have each indicated that they intend to use the UST
study’s methodology to help set priorities regarding staff and resource
allocation for UST 1leak investigation and cleanup. (The State Waste
Management Administration has primary responsibility for investigating and
enforcing cleanup from leaking USTs under the state regulations, while the
county health and environmental departments respond to reports of oil
pollution in wells, storm drains, and excavations.) The hydrogeologic
information presented by this study for specific areas, especially soil type
and depth to groundwater, will help inspectors assess the vulnerability of a
site to groundwater damage before they specify remedial actions. Information
on UST density and well-dependent population density may help the State
determine the degree of groundwater remediation that will be required.

The State of Maryland plans to use our priority-setting methodology to
fulfill requirements for a cooperative agreement with the EPA's Office of
Underground Storage Tanks. EPA amendments to Subtitle I of the Resource
Recovery and Conservation Act (part of the Superfund Amendments and
Reauthorization Act of 1986) have established a trust fund to finance the

cleanup of petroleum releases from USTs. EPA, and States who enter into
cooperative agreements with EPA, can access this fund for cleanup when
appropriate. EPA will manage the trust fund monies in ways which will best

'protect human health and the environment. Thus, one of the requirements for
the cooperative agreement is that a state must have a priority-setting system
either in-place or under development. This screening device will enable
enforcement agencies to address the potentially most serious UST leaks first.
The State of Maryland has chosen the methodology developed in the UST Phase II
study as its requisite priority-setting management tool, and will attempt to
apply the methodology to all Maryland’s counties,

Another major application of the UST Phase II screening methodology and
maps will be in reviewing proposed development. A large part of the work of
the Baltimore County Department of Environmental Protection and Resource
Management and the Anne Arundel County Health Department involves reviewing
plans for proposed residential and commercial development. The hydrogeologic
information developed in this study will help the departments to evaluate
these proposed plans, especially siting new USTs. Specific design, operating,
monitoring, or inspection requirements for USTs may differ, depending on the
vulnerability of an area due to populations dependent on groundwater or
hydrogeologic setting. The departments may negotiate with developers to
locate UST-dependent facilities on less vulnerable sites. Or, in bhighly
vulnerable areas, the departments may require extra tank containment, alarm
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and detection systems, above-ground tanks, or may not allow storage tanks at
all.

The UST Phase II study maps are designed to be used by planning and zoning
offices. The DRASTIC, UST, and well maps will be plotted on high transmission
film at a scale of 1:62,500 to be used as overlays on county planning maps.
These maps will allow planners to identify broad areas for further
site-specific analysis to evaluate proposed development, landfill sites, or
other activities in light of groundwater vulnerability.

The information collected in the UST Phase II study can be used in
conjunction with other planned studies. The Anne Arundel County Department of
Planning and Zoning is planning to conduct a comprehensive survey of the
groundwater situation in the county and evaluate future uses in light of the
findings. The hydrogeologic information and the impact of USTs presented in
our study will be considered in the survey.

Several agencies indicated that that UST study data and maps could be
incorporated into existing or plamned groundwater quality data bases or used
as an adjunct to these data bases. The Baltimore County Department of
Environmental Protection and Resource Management now has such a data base, and
the State is developing a comprehensive data base to track groundwater quality
and another to monitor ambient groundwater statewide. The State is also
planning to digitize its geographic data points, including all USTs.

The results of the UST Phase II study can be used to educate UST users,
developers, and others. The agencies involved in this study plan to use it to
educate developers, engineers, and other segments of the public. If these
individuals understand the importance of groundwater protection in vulnerable
areas, they may be more inclined to cooperate with protection strategies, and
developers may be motivated to develop environmentally sound storage practices
prior to submitting their plans for review. '

The UST screening approach can be applied to the analysis of other
potential sources of groundwater contamination. For example, impacts from
municipal landfills, industrial surface impoundments and landfills, and road
salt piles depend upon the frequency of occurrence of each source, the
dependence on groundwater, and the pollution potential of the hydrogeologic
setting. Any of these potential sources of pollution could be substituted for
USTs in this analysis.

Other potential uses of the UST Phase II products vary. The state and
counties are required, under the Safe Drinking Water Act, to develop
management standards of facilities that fall into the critical protection
areas that surround public drinking water wells. The information developed by
our study could be used to evalute these critical areas and develop well-head
protection program or to help site new public wells. Various public agencies
that use USTs may install extra protection in hydrogeologically wvulnerable
areas or locate USTs in less vulnerable areas. Fire departments may wish to
pay special attention to areas with high UST density to track potential leaks,
especially where leaked fuel may travel quickly, to prevent dangerous seepage
of fuel or fumes into sewers and basements.
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VI. ALTERNATIVE APPROACHES TO ASSESSING VULNERABILITY FROM LEAKING USTs

EPA’'s Office of Underground Storage Tanks (QUST) has developed an
alternative approach for assisting State administrators in setting priorities
for effectively expending their resources in the UST programs.1 The OUST
approach focuses on groundwater use within zip code areas from public and
private wells, and the likelihood that tanks within a zip code will leak based
upon their numbers and age. These two factors are quantified into two numeric
values: the Geographic Potential Impact Factor (GPIF) and the Leak Likelihood
Factor (LLF). These two values are combined to produce a numeric ranking for
each zip code considered, and taken together, a relative ranking of zip codes
can be generated.

This approach is similar to the UST screening methodology presented in
this report in that both approaches produce a relative ranking of areas of
potential wvulnerability. Both approaches identifying wvulnerable locatiouns
address similar scales (State- and county-wide), and focus on zip codes as the
basic geographic unit.

The approaches differ in that the Baltimore UST screening methodology
addresses the inherent pollution potential of groundwater using the DRASTIC
methodology. The Baltimore screening approach thus integrates three compo-
nents affecting potential groundwater impacts rather than two: groundwater.
use, UST density, and hydrogeologic setting. The OUST approach will generally
require less time to develop on a regional basis but omits consideration of
the hydrogeologic environment. The IEMP methodology does not project the
probability of UST leaks, but does not require the collection of UST age data.

In evaluating which methodology to use, a jurisdiction should consider the
hydrogeologic variability of an area, the financial and staff time resources
available, and the availability of hydrogeologic and UST age data, as well as
the preferences of the agencies. If an area is varied in its hydrogeology,
and there is a reasonable amount of hydrogeologic information available, the
jurisdiction may wish to use the IEMP methodology. On the other hand, if the
hydrogeology is very uniform, and age data is available, the jurisdiction may
wish to use the OUST methodology. The financial and staff resources and the
preferences of the agencies, including the use of the screening products for
other uses, will also influence the decision of which methodology to use.
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APPENDIX B WELL AND UST DATA

Table 1
ANNE ARUNDEL COLNTY WELL AND UST DATA
% OF POPULATION
NUMBER  HH MITH PRIVATE PUBLIC SERVED
PRIVATE POPULATICN PUBLIC POPULATION AREA 1985 OF HH  PRIVATE UsTs WELLS WELLS BY GW
1P OCODE  ISTs WELLS  SERVED MWELLS [1] SERVED SQMILES POP 1965 (2]  WELLS PER SQ.M PER SQ.M PER SQ.M PER SQ.M
20707 .- .. -- 3 5203 .. .- .- -- -- .- .- .
20 1 980 27 0 0 6.42 e 960  100.00% HIGH 1.7 LOd 152.57 MDD 0.000 oW 272 MED
207 51 510 1442 5 55 B.b 4017 %19 35.90% MD 152 LW 5.1 LW 0.149 ™MD 1519 MED
207% - - - 1 528 - - - - - - - -
2073 4 952 2673 ] 30 4.0 a3 %2 98.90% HIGH 0.98 Lo 232.66 HIGH 0.244 MD 2700 MED
20751 3% 287 8Nn 0 0 3.51 an 287 100.00% HIGH 9.60  HIGH 81.64 MDD 0.000 Low a1 LOW
2754 5 -- -~ 0 0 -- -- . .- -- -- .- ..
20755 152 &7 190 0 0 2.9 152 5449 1.3%4 LW 6.98 HIGH 3.07 oW 0.000 oW 190 LOW
20758 5 336 952 0 0 6.3 952 336 100.00% HIGH 0.7%9 LW 53.3 WD 0.000 LW 2 LOW
20764 10 &% 1969 0 0 4.02 1969 66 100,004 HIGH 2.49 M 173.07 HIGH 0.000 LOW 1969 MED
20765 19 226 640 0 0 0.92 640 226  100.00% HIGH 20.65 HIGH 245.81 HIGH 0.000 LoW 640 LOW
20776 7 348 1043 2 81 3.67 1864 659  55.94% MDD 0.30 Lod 15.57 LW 0.084 vED 1077 Low
20778 (] 568 1606 2 3% 9.24 2000 707 803X MD 0.66 LW 61.43 MD 0.216 MD 1649 MED
20779 4 31 654 2 & 4.6 718 546 9N.124 HIGK 0.85 LW 49.29 oW 0.426 MED 658 LOW
2079 k5] .- .- 1 774 - - .- - - .- -- .-
21012 28 669 1893 1 Mn21 9.45 17635 631 10.74% LOW 2,9 MD .79 WD 0.106 ™MD 2858 MED
21032 50 2425 6362 [ 2278 19.4% 7639 2609  89.82( KIGH 2.58 MeD 1291 ™D 0.206 MDD &7 HIGH
21085 3 2064 5841 1 20 27.45 6111 2159  95.58% HIGH 1.13 LW 7519  MeD 0.036 MDD 5851 HIGH
21037 1% 379 10552 2 517  19.67 1302 401  B1,03% HIGH 6.41 MED 185.56  KIGH 0.102 ™MD 10578 HIGH
21054 &0 1578 4465 1 " 17.8 63% 259 &85 B 3.3 88.33 D 0.056 ¥D Liks MED
21056 2 37 105 1 305 1.38 3% 15 3.2 M 1.45 LoW 26.81 tw - 0.75 ™MD 326 LoW
21061 i3 1106 3130 10 8468 D.61 T8 2151 4B LM 14.56 HIGH 43.18  LOW 0.3%0 ™MD 6428  HIGH
21076 3% %5 0 3 s je.68 3838 1356 7.020 LM 268 MED 7.51 LOW 0.537 ™D »1 LOW
21077 5 51 144 0 0 0.18 1602 566 9.01% LOW 27.78 HIGH 283.33 HIGH 0.000 LOW 144 LOW
21090 76 1780 5037 0 0 6.99 10073 3559 50.006 M 10,87 HIGH 254,60 HIGH 0.000 Lod 5037  HIGH
21108 61 908 2570 5 80 5.2 11633 411 2.09% LW 4.01 e 59.66 MED 0329 MD 2605 MED
2113 N 486 135 2 wrR2 14,13 72 29N 21,22 LW 6.44 MED 3439 Low 0.2 ™MD 2621 MED
2114 18 163 405 1 7631 5.68 14472 5116 2.80% Lo 3.7 5.8 oW 0.176 ¥ 1748 MED
21122 168 7267 20565 3 128 31.48 46250 16343 M.46KL MDD 53% ™MD 230.84  HIGH 0.05 MDD 20569  HIGH
21140 2 178 503 1 504 1.18 1509 533 3% ™MD 1.6 LW 150.73 MDD 0.847 ™D 931 Lo
21144 28 1488 4198 10 20621 16.28 B4 3N 17.8% LW 1.72 W N2 M 0.614 M 5459  HIGH
2146 7% 1R 5043 2 17329 8.3 195%% &26 D74 WD 8.90 HIGH 214.44  HIGH 0.241 MDD 7128  HIGH
21240 87 10 27 1 22185 5.46 27 10 100.00% HIGH 15.93 HIGH 1.7 Lo 0.1 ™D 4090 ¥ED
21401 3% 6564 18577 7 W87 BT L4131 14601 498X M 9.83 HIGH 193.23  HIGH 0.206 MD 19939 HIGH
21%@ - 58 25 71 0 0 1.18 5281 186 1.34% LoW 49.15 HIGH 21.19 LOw 0.000 LOW n LOW
21403 42 1882 5325 1 1 8.7% 22683 ™ B W 481 w 215.288 WG4 . 0.11% MED 5325  HIGR
21404 3 -- - 0 0 -- .- .- - - .- .- --
21405 1 2 6 0 0 0.7 153 07 0.45% LOW 1.3 LW 2.66 LW 0.000  LOW 6 LOW
AVERAGE  58.24 1164 07 1.92 5839  12.18 10070.38 3990  50.02% 7.06 105.92 0.18 3853
MEDIAN 32.50 539 1209 1.00 357 8.7 3838.00 1866 44.46% 3.7 7.9 0.11 35
HIGH 373.00 7267 20565  10.00 81227 3B.97 77687.00 27451 100.00% 49.15 3.5 0.85 20567
LOW 1.00 0 ] 0.00 0 0.18 0.00 10 0.49% 0.30 1.5 0.00 é
LOW 0.5% - 2.1% g0-2 2-49 0 6 - 1078
MED 23.5% - 80.3% 3-6 61 - 153 0-1 1644 - 4465
HIGH 81.0% - 100% 7-49 173 - 285 NONE 5037 - 20569

£11 Includes mnicipal and privately owed camunity water supplies.
21 HH = Households B-1



Table 2
BALTIMORE COUNTY WELL AND UST DATA

% OF POPULATION

“NUMBER  HH WITH PRIVATE PUBLIC SERVED

PRIVATE POPULATION PUBLIC POPLATION AREA 1965 OF Hi¥  PRIVATE USTs WELLS WELLS BY G

1P CODE  USTs WELLS  SERVED WELLS (1) SERVED SO.MILES POP 1965 [21  WELLS PER SQL.M PER SQ.M PER SQ.M PER $0.M

21013 2 - .o 0 0 . . . 100.00% HIGH . -- - -
21021 9 n 720 0 0 - 2.8 720 2%  100.00% HIGH .21 M 99.67 HIGH 0.00 LW S7  HIGH
21022 2% 0 0 0 0 0.7 1856 79 0.00% LOW 37.14  HIGH 0.00 LoW 0.00 Low 1] LOW
21080 1% 1533 3956 ¢ 0 21.6 21188 805 18.69% HIGH 5.97 HIGK 70.99  HIGH 0.00 LOW 183 HIGH
21031 20 0 0 0 0 1 245 ] 0.00% LOW 20.00 HIGH 0.00 oW 0.00 LW 0 LOW
21061 5 39 100 0 0 0.6 100 39 100.00% HIGH 8.3 HIGH 64.60 HIGH 0.00 oW 167 HIGH
21053 13 554 1434 0 0 21.9 1434 556 100.00% HIGH 0.5 LOW 538 M 0.00 LOW &6 MD
21057 15 2006 5176 0 0 16.8 5176 2006 100.00% HIGH 0.% LW 119.42  HIGH 0.00 Lo 308  HIGH
2107 13 75 2026 0 0 7.8 2026 785  100.00% HIGH 1.67 LW 100.68 HIGH 0.00 oW 260 . HIGH
21082 1 1636 4221 0 0 6.7 (V74 1636 100.00% HIGH 0.15 LW 264,19 HIGH 0.00 LOW 630  HIGH
21087 7 N7 367 0 0 12.2 367 17  100.00% HIGH 0.57 Lod 7.2 HIGH 0.00 oW 1%  HIGH
21093 5 576 1486 0 0 20.4 29057 11262 . 5.11% MED 466 M3 28.24 HIGH 0.00 LO4 73 MED
21107 5 419 1082 0 0 24.5 1082 419 100.00% HIGH 0.20 LW 17.12 M 0.00 LOW & MED
21111 3 1129 2912 0 0 3%.4 912 1129 100.00% HIGH 0.09 LOW 32.81 HIGH 0.00 LOW 85  HIGH
21117 86 1710 [PA P 0 0 2.3 14730 5709 29.95% HIGH 3.8 W 76.68  HIGH 0.00 LoW 198 HIGH
21120 37 3636 B30 0 0 9.6 9380 3636  100.00% HIGH 0.75 LW 73.30  HIGH 0.00 LW 18  HIGH
21128 é 21 544 0 0 6.7 6090 2360 8.9%4% MDD 0.5 LOW 31.49 HIGH 0.00 LoW 81 MED
2113 2 2636 6800 1 7 3.1 &877 2666  98.87% HIGK 095 LW 114.09 HIGH 0.06 LOW 298  HIGH
21133 &5 726 1873 0 0 7.2 16162 &% 11.59% ™MD 9.17 HIGH 100.83 HIGH 0.00 Lo« 200  HIGH
21136 ~ 5B16 5975 0 0 56.6 27601 10658  21.65% HIGH 1.40 LW 41.06 HIGH 0.00 LM 106  HIGH
21152 6 365 N2 0 0 3.6 367 N7 30.78% HIGH 0.5 LOW 15.47 ™D 0.00 LOW 40 MED

21155 9 .- - 0 0 .- - <« 100.00% HIGH -- -- - -
21156 -- 47 121 0 0 0.4 121 47 100.00% HIGH -- 117.5 HIGH 0.00 LOW 308  HIGH
21161 14 F: Y 2035 (¢] 1] 48,7 285 797 100.00% HIGH 0.29 LW 16,20 MDD 0.00 LOW 42 MED
21162 7 L2 1089 0 0 15.9 21457 317 5.07% ™MD 4.8, ™D 26.54 MDD 0.00 oW 68 MED
21163 1 52 650 0 o] 17.3 340 1295  19.47% HIGH 0.06 LO4 1%.57 »D 0.00 oW B [, =)
21204 160 0 0 0 1] 7.8 4189 18213 0.00% LW 8.9 HIGH 0.00 LW 0.00 oW 4] LOW
21220 .24 [ 1203 0 0 19.8 33820 1319 3564 M 4% MD B.5% W 0.00 LW 61 MED
21221 90 17 448 ¢} 0 13.6 L2464 16659 1.064 ™MD 6.62 HIGH 127 B 0.00 LOW 3 MED
21228 ® 174 448 0 0 4.8 38727 15010 1.1 M 6.7 HIGH "3 W 0.00 LOW 30 MED

Ootals for Baltimore County/City are provided on Table 2a].

{1 Includes mnicipal and privately owned comunity water supplies.
{21 HH = Households
13) 21p 21093 subsumes ZIP 21022, These two ZIPs together fall into the HIGH category.
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Table 2a
BALTIMCRE CITY WELL AND UST DATA

X OF POPLRATION
NUMBER  HH WITH PRIVATE AUBLIC SERVED
PRIVATE POFULATION PUBLIC POPWLATION AREA 1965 OF HH  PRIVATE usTs WELLS WELLS BY G
ZIP ODE  UsTs WELLS ~ SERVED LELLS (1] SERVED SQ.MILES POP 1985 WELLS PER SO.M PER SQ.M PER SQ.M PER SQ.M

21201 6 0 0 0 0 1.9 32735  124% 000K LW 3.6 M 0.00 LOW 0.00 Low 0
21202 1 0 ) 0 0 1.6 2489 BB 0.00% LW 6.5 HIGH 0.00 LOW 0.00 LW 0
21205 2 0 0 0 0 23 20 B9800 Lov 52 M 0.00 LW 0.00 LW 0
21206 1 0 0 0 0 6.1 5436 20750  0.00% LW 1.80 LoW 0.00 LW 0.00 LM 0
207 12 2% ™ 0 0 2.6 78 231 1.065 MD 421 ¥ "0 M 0.00 LoW %
21208 8 3% 8 0 0 %3 3608 1377% 2.2 v 198 LW 1259 W 0.00 LW 3
2129 6 0 0 0 0 3.8 108 4152  0.00% LOW 1.58  LoW 0.00 LOW 0.00 LW 0
21210 8 0 0 0 0 25 & 268 0.00% Low 3.0 M 0.00 LW 0.00 Lod 0
21211 1% 0 0 0 0 2.6 2B T/ 0.00% LOW 538 HIGH 0.00 LOW 0.00 LOW 0
21212 12 0 0 0 0 46 363% 1387%  0.00%¢ Lo 261 ¥ 0.00 LW 0.00 LW 0
21213 4 0 0 0 0 4.2 44126 16842  0.00% LOW 0.5 LW 0.00 LW 0.00 LoW 0
212 6 0 0 0 0 26 20419 TR 0.00% LoW 231 M 0.00 LoW 0.00 L4 0
21215 2 0 0 0 0 6.2 T2 28535 0.0% LOW 355 M 0.00 LOW 0.00 LOW 0
21216 9 0 0 0 0 32 K71 1590  0.00% LW 2.81 ™MD 0.00 LW 0.00 Lod 0
21217 5 0 0 0 0 25 4%5 1841  0.00% LOW 2.0 ™D 0.00 LoW 0.00 LoW 0
21218 19 0 0 0 0 45 9177 2587  0.00% LM 4.2 M 0.00 LW 0.00 LOW 0
21219 58 18 47 0 0 10.6 1036 356 0.45% MD 547  HIGH 1.0 W 0.00 LOW 4
21222 156 43 113 0 0 13 T3 247 0.6% MO 12.68  HIGH 350 M 0.00 LW 9
2123 5 0 0 0 0 2.2 47376 18082 0.00% LOW 2.27 M 0.00 LOW 0.00 LOW 0
2122 s 0 0 0 0 8. 5477 20000 0.00% LOW 9.26 HIGH 0.00 LW 0.00 LW 0
2125 %8 0 0 0 0 87 XM 13%7  0.00% LOW .26 HIGH 0.00 LoW 0.00 Lov 0
21226 7 0 0 0 0 1.2 659 251 0.00% LW 6.88 HIcH 0.00 LW 0.00 LOW 0
21227 110 0 0 0 0 5.6 43132 16463 0.00% LOW 430 ¥ 0.00 LW 0.00 LOW 0
2129 % 0 0 0 0 6.6 5457 20976  0.00% Lo 515 MD 0.00 LW 0.00 Lo 0
21230 3 0 0 0 0 5.4 41704 15918 0.00% LOW 6.11 HIGH 0.00 LOW 0.00 LOW 0
2123 .- 0 0 0 0 1.2 2% 98 000X LW - 0.00 LOW 0.00 LOW 0
217% 3 0 0 0 0 126 61207 2361 0.00% LoW 341 MED 0.00 Low 0.00 Lov 0
212% 54 0 0 0 0 15 3B 118 0.0 LW 36.00 HIGH 0.00 LOW 0.00 LOW 0
257 68 0 0 0 0 105 2002 A% 0,004 LOW 6.48  HIGH 0.00 LW 0.00 LW 0
2129 1 0 0 0 0 32 374 12108 0.00% LOW 0.31  Low 0.00 LW 0.00 LW 0

BALTIMIRE CONTY/CITY TOTAL :

AVERAE 3759 3% 1019 0.02 1 176 2430.55 8975  26.51% 4.73 5.5 0.00 A
MDIAN  16.50 0 0 0.00 0 7.50 21080.00 A%  0.31% 3.21 0.00 0.00 0
HIGH  160.00 363 9380  1.00 77 56.40 74762.00 28535  100.00% 3714 264.19 0.04 630
LoW 0.00 0 0 0.00 0 0.00 0.00 0 0.0 0.00 0.00 0.00 0
LOW 0.0% 0-1.98 0 0.0 - 0.04
MED 0.2 - 39.8% 2.0 - 5.2 2-27 NONE
HIGH %8.9% « 100% 53 - 37.1 8 - b NOE

(1) Includes municipal and privately owned camunity water supplies.
121 WH = Houscholds
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APPENDIX C

SOFTWARE AND HARDWARE REQUIREMENTS FOR SCREENING ANALYSIS

Software

Central to the screening tool developed for the IEMP Baltimore Study is
the computer-generated maps of hydrogeologic wvulnerability, UST density, and
well density. Therefore, the essential software is a micro-computer mapping
package. There are several mapping packages on the market; the "best one"
depends upon the needs of the user.

Most PC mapping packages are written to be relatively easy to use. Most
are menu driven and come with a demonstration or tutorial program. = The
manuals are generally very thorough and include step-by-step directions for
first time users. The user does not have to be a highly skilled computer
programmer; most packages can be learned and used by first time computer users
in a few days. Some basic understanding of computer operation and some
knowledge of the hardware is required for initial use and installation of the
software. Many venders provide installation and technical support if the user
has difficulty with the manufacturer's installation instructions. Almost all
of the software manufacturers provide technical support for registered users
of their software over the phone.

One important mapping capability is the mapping of small geological areas.
We wused zip codes as the analytical unit because it it the smallest
geographical area for which we could attain well, population, and UST data.
Many mapping software packages do not have the ability to map zip codes, or

only map zip codes for major metropolitan areas. Of course, if the user
cannot attain data by zip code, then their is no reason to limit the choice of
software packages to those only mapping zip code boundaries., Some mapping

.packages can map the U.S. by census tract, others can map the U.S. by county.
A few packages can only map state boundaries. 1In order to use this screening
tool at the state or local level, the smallest possible geographic area for
which data can be obtained should be used. Data availability should be the
limiting factor to the geographical unit used in the analysis, not the
boundaries contained In a software package. Data availability should be
verified first, before deciding upon specific software.

Boundary and Data File

Mapping packages generally use two types of files to create maps, boundary
files and data files. Some packages also allow the user to create and display
a text file. The boundary file contains the coordinates for the geographical
boundaries displayed on the maps (i.e., zip code boundaries or county
boundaries).

Data files contain statistical data for each geographical unit the user
wishes to display. The two files are matched by the software through the use
of a common identifier for each individual geographical unit. Boundary files
are usually supplied by the software manufacturer. A few packages allow for
user-created boundary files. Some mapping software packages allow the user to
enter new boundary files with the use of digitizing tablet or a mouse, but



most packages only map manufacturer specified boundary files. Most packages
have limited capabilities to map self-generated boundary files, such as
hydrogeologic setting boundaries.

Data files are usually generated by the user. Some packages come with
limited data files created by the manufacturer (i.e., U.S. population by
state). Data is entered into the software either by importing data created in
a spreadsheet or database package, by entering data directly from the
keyboard, or by specifying a proprietary data file provided with the software.
Some mapping packages only allow keyboard entry of data in some cases, all
data must be read from a manufacturer supplied proprietary data base. Mapping
packages that do not allow keyboard entry of data and do not allow data to be
entered using a file created in a separate spreadsheet or database package are
not recommended. These packages limit the user of data provided in files
created by the manufacturer, and do not allow for user- generated data bases.

After specifying the boundary file and data files, the user can specify
the number of data ranges and any limits to data ranges for the statistics
that are to be displayed on the map. For example, the user may specify that
the data be divided into six data ranges, the user may specify that the data
be divided into equal frequency ranges, or the user may specify the limits for
each data range (1-1000, 1001-10,000, etc.). Different shading patterns or
dot patterns are generally available to the user, so that the data range
applicable to each geographical unit mapped is denoted by a separate and
unique shading. Most packages limit the number of data ranges and shading
patterns that can be used per map. More patterns will allow the user greater
flexibility.

Printing

After boundary and data input, the next step is drawing the map on the
screen and then directing the map to an output file or to a printer or
plotter. Most packages can be used on a number of plotters. Not all packages
can be used with printers. The user must therefore choose compatible hardware
and software. The vendor or manufacturer of the software and hardware can
verify compatibility between these two components,

Other Software Considexations

Other features that may or may mot be available from a mapping package are
enlarging maps, reducing maps, creating dot density maps as well as shaded
maps, adding text or labels to maps, and editing boundary files. The features
available from each package vary, so the user should inquire about the
capabilities and limitations of several packages before choosing one. We
recomnend choosing a package that has reducing capabilities, and allows the
user to create text and add labels.

The cost of any software package varies by geographical area of the
country and by the vendor supplying package. Most micro-computer mapping
packages which meet the demands for the screening analysis cost between $400
and $800.



Hardware

A goal of this project was to design a management tool, or screening
analysis, that could be run on a desktop or personal computer. All the
software mentioned above runs on a personal computer, either an IBM PC or a PC
compatible. There are mapping systems available for mini or mainframe
computers. However, the focus of our analysis is for the design of a PC
program.

We recommend that the user attain an IBM XT or AT model computer or
compatible if possible. Most micro-computer mapping software will run on an
IBM PC, however it will run very slowly. The XT and AT models greatly
Increase the computational speed and the drawing speed of any software

package. If the wuser must use an IBM PC, most software manufacturers
recommend the purchase of a math coprocessor for increased computational
speed. In fact, some mapping software requires a math coprocessor. A math

coprocessor is a simple computer chip that sits on the main board of the
" computer. It is very easy to install, and costs approximately $200.

Another great advantage of using an IBM XT or AT, is the ability to store
and run the software from a harddisk. most mapping packages use four or five
floppy disks. Running the package on a PC requires a great deal of disk
swapping between program routines., Data must also be stored on a floppy disk
if a PC is used. Using an XT or AT computer allows the user to store the
program and the data on the computer’s harddisk. Running the program from a
harddisk makes program and data retrieval and writing faster and much more
convenient. The user does not have to change disks every time a2 new routine
is envoked.

In order to make hard copies of the maps or data files created with the
mapping system, the user must have a pen plotter or a printer connected to the
computer. As mentioned in the discussion of mapping software, most mapping
software packages support a wide range of plotters, some do not support
printers. If the output device is limited to one already in use at the office
or agency, the software package must be compatible with that device. We
recommend calling the vendor or manufacturer of the software prior to
purchasing it to be sure that the output device is supported by the software.
Some software may support a given printer, but the quality, or resolution, of
the graphics may be less than satisfactory. Again, the user should check with
the vendor or manufacturer before purchasing the software. For top quality
graphics or maps, we recommend a pen plotter. Most pen plotters provide good
resolution graphics and allow the user to produce color maps. Most printers
are restricted to black and white output,



APPENDIX D

SENSITIVITY ANALYSIS OF DRASTIC

The DRASTIC report notes that net recharge, soil, and topography are "“of
lesser importance for potential pollution evaluations® for USTs because of
their location below ground. The DRASTIC report does not discuss adjustment
of these factors for this lessened importance, and rather states that "weights
may not be changed for any of the DRASTIC factors...(A)ny changes will make
the system invalid." Because of this caution, we did not adjust any DRASTIC
factors for this study.

As a sensitivity analysis, we did recalculate the DRASTIC scores using
only Depth to groundwater, Aquifer media, Impact of the vadose zone, and
hydraulic Conductivity (DAIC). 1In comparing the rank of the hydrogeologic
settings, we found that they changed only slightly when net recharge, seil,
and topography are not considered.

Factors Considered

Drastic DAIC
Hydrogeologic Median Median

Setting Score Rank Score Rank

A 169.5 1 116 1
B 107.5 13 54 12,13

C 151.5 3 100 3.4

D 160 2 103 2

E 123.5 7 68 7

F 137 6 86 6

G 109 10,11,12 56 11

H 138 5 89 5

I 147 4 100 3,4
II 109 10,11,12 54 12,13

111 114 8 65 9

Iv 109 10,11,12 60 10

v 103 14 46 14

VI 112 9 67 8

D -1
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